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eEthylen: The Vision

Substitution of a Steam-Cracker by a CO2-to-Ethylene Electrolyser

Á Three PEM-Electrolyzer skids (SILYZER 200) 

Á 1.25 MW rated power (225 Nm³/h) / 2.1 MW peak power

Á Highly dynamic: load changes in seconds, wide power range

Á 35 bar outlet pressure

Commercial Siemens PEM H2O-ElectrolyzerCommercial Steam Cracker
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eEthylene: The Technology

DOI: 10.1002/aenm.201602114 ; C. Reller et. al. Adv. Energy Mater. 2017, 1602114

ÅSingle step electrochemical reduction of CO2 in aqueous electrolytes

ÅThe product distribution is strongly dependent on the electro catalyst

ÅCu based catalyst produce hydrocarbons, Ag produce CO

ÅEthylene formation involves 2 CO2 molecules, 12 electrons, 

8 water molecules to produce 1 ethylene molecule associated 

with 12 hydroxide ions (see picture). 

Targets of eEthylene

ÅFind & develop a stable catalyst

ÅElaborate the reduction mechanism

ÅPrepare a gas diffusion electrode out of the catalyst to bring the topic 

to industrial relevance (current density >> 200 mA/cm²)

ÅScaling to x00 cm² of electrode area
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eEthylene: Why ethylene ïEconomics

Can renewable feedstock production become economical viable ? 

Ratio between the Economical Value and the Heating Value for a given point in time

Thermodynamic considerations with 

100 % efficiency assumption

Energy

Demand

Min. Energy 

Cost 1
Product 

Value

Cost Covering

min. System 

Efficiency

MWh / t ú / t ú / t %

Methane 15,4 463 - 694 150 308 - 463

Ethylene 13,9 419 - 629 1000 42 - 63

1electricity cost 30 ú/MWh; tax & net use 15 ú/MWh
(there is no excess energy) 

Burning  Processes

Methane CH4 + 2 O2Ê CO2 + 2 H2O + 15,4 MWh/t

Ethylene C2H4 + 3 O2Ê 2 CO2 + 2 H2O + 13,9 MWh/t

Synthesis by Single Step Electrochemical CO2 Reduction

Methane CO2 + 2 H2O + min. 15,4 MWh/t ÊCH4 + 2 O2

Ethylene 2 CO2 + 2 H2O + min. 13,9 MWh/t ÊC2H4 + 3 O2

A factor of  ~4 might be enough 

to compensate for all losses 
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Catalyst preparation GDE Preparation Characterization/ mechanistics

Collaboration and Workflow

Characterization of alloys (CVD/PVD)

pre-charaterization of powder catalysts

In-situ deposited copper catalyst

Preparation of powder based catalysts Preparation of GDEs

Evaluation of different process parameter

Electrochemical characterization at high

current densities
In-situ and operando characterization

Upscaling potential 

LCA

LCA

Identification of intermediates/ co-products

material exchange

information exchange

mechanistics
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Ethylene: How we got startet ?

GDE with in-situ grown Copper-NP catalyst in a flow cell setup

ÅThe maximum FE for ethylene (45 - 57%) is reached after ~50 min

ÅCurrent density of 170 mA/cm² was achieved for ethylene

ÅSystem efficiency (SE=20% @ 10 mm cathode ïanode distance)  (electrical energy to chemical energy)

ÅThe full knowledge including deposition of catalyst, experimental setup and the operating 

condition transferred to the partners

Results

Faradic Efficiency over time Material

4nm
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2 µm 2 µm

Å Dendritic structure is maintained upon oxygen Plasma 

treatments

Å Dendrites remain stable during electrochemistry even 

at high potentials (U = -1.3V vs. RHE)

Å Longer time treated samples preferentially form CuO

agglomerates at the dendrite sharp ends

Å Electrochemical reduction of CuO to Cu lead to the 

recovery of sharper dendrite structures

Å Significant increase in the dendrite roughness after 

CO2 electroreduction for the 5 min pre-oxidized 

samples

SEM: Plasma-oxidized Cu Dendrites on Ag
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CO CH4C2+C3

Å Increased selectivity towards C2 and C3 products with increasing O2-plasma treatment time (up to 5 minutes), 

especially ethanol and ethylene.

Å Increased selectivity towards CO at low potentials due to roughening of the Ag substrate. 

Å Suppression of undesired C1 products (methane) upon plasma pre-oxidation

SEM: Plasma-oxidized Cu Dendrites on Ag


